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MODERN SLISOMETRIC EQUIPLENT:

D,Pe Kirnos and NeVe Veshnyalov

+Paper read at the Session of physico-mathematical depart-

ment of the Academy of Science USSR, on 23 December ].9LL?.

The article describes seismometric equipment developed
in recent years at the Seismological Institute of the
Acadeny of Sciences USSR. For recording ground dis-
placements duri?sg earthquakes there has been developed
a new type of seismograph with galvanometric register-
ingj for recording dynamic ground deformations -~ an

electromagnetic extensometer.

There are presented theoretical fundamentals relative
to the instruments described and their characteristics,

and their scope of their wtilization is indicated.

Until I:ecently the principal attention of seismologists wWas
directed to the study of the internal structure of the earth and
only to a small extent toward investigating the physics of the earth-
quake propers This is explained, among other reasons, also by the
fact that the method of the study of internal earth structure is
characterized by a relative simplicitye. It is based on an analysis
of the durations of progress of elastic waves from the focus of the
seismic stations, In this 211 that is required of the seismograph
is, that the seismogram produced by it makes it possible to dif—«
ferentiate clearly the moments of arrival of separate wave groups

‘at the point of observation. Such equipment was -available to the
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founders of modern selsmology and to their immediate BUCCESB0 S

Tn recent time the problems faced by seismology have been

expanding, Tor the study of the internal structure of the earth

more precise methods are dravm upon; the current problem has be-

come the study of phenomena taking place at the very focus of the

e increased ac-

:
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i
A
]
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earthqueke, The demands on seismic equipment hav

cordinglye

3 ; B. B. Golitsyn considered that the basic task of seismometr.y.:

is the recording of displacements of a point of the earth's surface

; during an earthqueke, This task remains a fundamental one, even at i

the present time, and as yet is far from being fully resolved., The

fact of the matter is, that in the course of an earthquake there

are generated clastic waves of widely divergent periods - from frac-

tions of a second to tens of minutes, To encompass this entire

5
i
:

range of periods by means of a single instrument does not appear to

be practicable, and evidently ab present there is also no need for

it, In the study of distant earthquakes the first phase is of pri- ‘
! \

nary interest; the periods of ground oscillations in these instances
rarely exceed 6 seconds., Near=by and local earthquales display

ground oscillations the period of wnich is from Oe2 O 5-6 secondss
tion of the ground oscil-

Hence the attempt st an accurate reproduc

the seismic spectrums

lations can be Timited to this section of

of considerable interest are also the velocity and accelera-

tion of a point of earth's surface, as well as its deformations on

passage of seismic waves. However, in physical seismology these

quantities are as yet of a subordinate significance.

The simplest and most reliable apparatus for. recording oscil~
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arth!s surface is the pendulumn selsmograph with a

rding system (that is without any intermediate

on levers)s In order to reduce to a mlndnmum

y the device, it is indispensible that the

amplitude of the pendulun oscillations be 1ittle affected by fre-

quency of impelled oscillations, and that the phase approximate

zero or IV s

Considering the frequency and phase characteristics of the

seismograph it follows that quality of registration ig improved
with increasing period and decreasing damping of the pendulum.

The period can be increased by two methods = by astatization

and by increasing the reduced lengths Astatization is a very ef~
fective means, butb, of course, it has a natural limit in the proxi-~

mity of which the pendulum loses stability. Increase in the re-
duced length can be made falrly considerable, but with it, amplifica-

tion of the system is correspondingly decreased, which compels us
to resort to electrical recording methoclsﬁgcluﬁ.cal possibilities
for which are sufficiently diversified, However, all electrical

methods of measuring small displacements, with the exception of the
induction method, pequire external sources of currents Conditions
of seismic sbation observations, as a rule exclude the possibility
of utilizing such sources, since this would greatly complicate the

organizational aspects of seismic work. For this reason B. Be Goli-

tsyn in devising his well known seismographs, has utilized the in-

duction method.

B. B. Golitsyn's seismographs operate in accordance with the

diagram shown in figure Le
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Pendulum Seismograph

Fige 1

f with galvanometric registering device: 1. Pendulum, 2. Induction

Coil, 3. Permanent Magnet, i, Galvanometer.

1
bl
]

Pendulum 1 supports at the end of an arm the induction coil

n the field of a permanent magnet 3o

v 2, The latter is located withi

The induction coil is connected to the electro-magnetic mirror gal- i
i

vanometer L. The circuit ig assumed non-inductives Thus, within

: the circuit the current is proportional to the velocity of the mo-

i & tion of the coil within the magnetic field.

The action of this system is determined by the conjoint dif-

ferential equations
b "; 3 ‘I_ .
o g 3 : _ X I —1- |
. T A

wherein 9 and CP , respectively,are the angle deflection of pendulumn

and galvanome'bef'; 6 and Cy , the corresponding damping coefficients;

N and N, - angular frequencies | #~gp = reduced length of the pendulum)
f ;e
I andII , - the inertia movements of pendulum

. t 1
sctor of galvanometric recording; > <‘b) \

and galvanometer, res-

pectively; k- conversion £

ground acceleration at the point of installaﬁion of the pendulunie
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Tn designing his instruments, B. B. Golitsyn assumed the
inertia movement I of the pendulum to have a value greatly exceeding
the movement of Inertia I, of the galvanometer, Hence the Second

merber in the right hand portion of the first of the above equa~

tions, is omitted by Golitsyn, In other words, the Golitsyn sys-

{
4
4
K|
4

tem is characterized by lack of correlation between pendulum and
galvanometer. A second characteristic of this system is the pe-

culiar selection of the other parameters; l.e., Golitsyn makes the

period of the pendulum equal to that of the galvanometer, and sets
both of them up at the limit of aperiodicity. In such a case €=£,=
=N =K, and the analytical expression of frequency characteristic

1

for the entire unit assumes an extremely simple forme

N

A graphic representation of frequency and phase characteris-

f 0.3 tic8 of Golitsyn's system is shown in figure 2. W.g,«“’“ww
; /x"' , \‘\‘ 77, / 2 e
0.2 / - .'
/f (@ \'\-‘”*wm i p
ot/ : % -
g L 3 oo —
z’/ . e v[ - M"\. éﬂ» /1‘0 /'\:: IW°
) . <0 % . . 7
o @5 Figure 2!. Character(ié;'blcg of Pendulum Seismograph of B« B. N

Golitsyn: a. frequency, b. phase.

The extreme lack of uniformity of these characteristics

1imits the scope of the problems which can be solved by means of
such instruments, and deprives their recordings of any definite me-
chanical meaning. Nevertheless these seismographs served their pur-
pose, since the excellent seismograms obtained by their use make

it possible to determine with sufficient accuracy the azimuth of

the epicenter and to delineate movements of initiation of individual

groups of selsmic waves.
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Subsequent investigators (Wenner, Ribner, Sehmerwilba, Coulomb
n effort to improve the properties of Golit-

and Grenet) expended m.e

syn's instruments.

The entire theory of galva.nometric pecording has been revi'eww
correla-

and. developed. Special attention has been given Lo use of
tion between pendulun and galva.nome“cer. As a result of these ef-

forts there has peen attained a fully satisfactory frequency charac=

, an adequate phase ch

however, was not, obtained.

teristic aracteristic,

2T

o
Feec " .
S | | (@] T
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|

Figure 3. Characteristics of Se:'Lsmograph: a, frequency,
Te33 galvanometric

Pendulum period 5 seconds, damping -

b, phasee

- 120 sec., demping - 5l m Grenet and Coulomb)

period (Fro

e used exclusively Tong-period

A1l of the above authors hav
reely suspended mobile coile These instru-

|
|
|
;
4

galvanome'ters with a £
fore can nob be utilized

ments do nob withstand jarring, and ‘there

o record 1ocal and mamy of ‘the near-by earthquakess

Thus these contributions did not provide the necessary solu-

1em of seismometry.

tion of the pasic prob

The autbhors of the present article have made it their goal
yo provide a gype of seismograph,which would meet the present»-day \
requirements of seismology s that is one which reproduces ground ]\
n earthquake, with 2 period from 0.2 %0 5

oscillations, during @&
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seconds, with amplitudinal and phase distortions not exceeding 5

Tn so doing we have reverted

percent of the values being measured,

to the initial system of B, B. Golitsyn, that is we have abandoned ‘ ,

m and galvanometers i

the use of a correlation between pendulu

A more detailed study of the problem has shown that fre-

quency characteristics can be conveniently represented in the form

of:
2D, NIT+E
where ‘

_ |
UM - /\/?l_u‘z)z 2D

is the frequency characteristic of the pendulum proper, and

U= = = Period of ground oscillations {
_T Tariod of free oscillations of pendulum : \

= Constant of pendulum demping

Constant of galvenometer damping

The value E given by the expression

4]32! w, : ‘,
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where

§ ']"l = Period 3 of free OSClllabJ.Ona oF The ga]vanone‘oﬂ

! u‘ —-_..rB PerJ.od of ground oscn.lla’u:.onb

The quali‘oyz is the one causing & aistortion of the fre-
quency charac'beristic of the entire unit with respect Lo the fre-

quency characteristic of the pendulurt. :

Tt is apparent that one must strive to render the value

In such case
Um
V=5 7 ;

2D,

that is, the frequency characteristj.c of the seismograph having &

galvanometfic recording system will be similar o the frequency

cha.rcxctemouc of a simple mechanical pendulum.

Tn order to make 2 small over a sufficiently wide range of

ground oscillation frequencies, it is necessary to increase the

constant of galvanome'ber damping :DI' For our pUrpose it suffices

to maintainD‘ within the 1limits from 10 to 15, }
]

Tt can be readily shown that if these conditions are maintained

the phase characteristic of the entire unit will also coincide with

the phase characteristic of the pendulum propere
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Based on these considerations D, P. Kirnos has devised new
Ny LD A LA UL A

designs of seismographs.).

Figure le Horisontal seismograph designed by D. Pe Kirnos:

1. Pendulum, 2. Stand, 3. Ieaf springs, i, Induction coil, 5. Per-

manent magnet,

The seismograph for recording horizontal displacements of

f the ground is shown in figure i, Pendulum 1 is suspended from stand

2 on two pairs of leaf springs 3. Tpduction coil L is fastened at
the end of the pendulum arm and is located within the clearance of

the permanent magnet 5, Lxtensive and detailed compubation and ex-

perimental work has been conducted to ensure the stability of the

pendulum at a large period., The reduced length of the pendulum is

of about 26 centimeters. The period of free oscillations can be
brought up to 25 seconds. Damping of the pendulum 0.L4D 0,5,

Over the entire seismic range of period the instrument is free of

parasitic oscillations.

| The design of the galvanometer differs somewhat from those
of the conventional systems. The mobile coll is suspended by means
of two tension springs and is immersed in a clear oil. As a whole

it is reminiscent of a low frequency loop of greatly expanded di-

mensions. The damping constant of the galvanometer can be brought

to 50-60. With only electromagnetic throttling, the damping cons-

tant is equal to 10-12, Sensibility of the galvanometer is of about
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!' lOgampera per millimeter, Thig galvanometer is not affected by

Jarring and can be utilized even within the epicentral zZone,

Figure 5 shows a comparison of the frequency and phase charac-
i
teristics of the following seismographs; (a) Wikiforov system with
i
direct optical recording; the purpose of the instrument is recording

of local and near-by earthquakes ;( b) Golitsyn system with galvano- :
| metric Tecording; the instrument is intended for recording distant
. earthquakes; c¢) Kirnos System with galvanometric recording; the
| instrument is adapted for recording local and near-by as well as a :
| ) major portion of distant earthquakes% 8 a \/ i
B2 S ‘
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. ; / vof seismographs of various syE"bemg: ad Nikifor W Systell, be Golit- 5
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S . Syn system, c., Kirhos sys 2m -
} =y 0 WO, o1 Kigfos syste 7 see
i & /0 /5" /5_721 N
: e B
T seten 5 ) r5
: ’ In the graph shown, all three fr

€quency characteristics are

reproduced on the same scale,

Figure 6 shows g vertical seismograph designed by Kirnos,

Its reduced length is of 150 centimeters,

The stable period of

natural oscillations up to 15-20 seconds,

Figure 6, Vertical selsmograph designed by D.P,

] EF:—r‘jwm! (o 15 owthe me-xd- Pﬁge‘, 'ﬁvrﬁi T

vy

Kirnos,

Amplification of these seismographs

can be brought up to
3000~L000,

For seismical purposes this amplification is excessive,

and has to be reduced to 1000,

Ground oscillations with periods from 0,2 to 5 seconds, are

rendered by these instruments with distortions not in excess of §

. : - ‘ - '9R000200080016-5
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per cent of the quantity being me asuredd

For the recording of severe Local eart
of 1000 is obviously nob suitable. With this purpose in view a mir-
eans of which direct

ror is fastened near the pendulum axis, by T
recording is made using a special pecording device. Amplification

in this case is equal ©o lia

The seismographs described above are installed and in normal
operation at seismic statlons in Tadzhikstan: Stalinabad, Obi-Garm,
Murgab, Kulyab and also at Yalta. During the current year they are
to be installed also at a number of our other seismic sbationsSe

Records obtained by means of these instruments have demons=

trated the possibility of their use in the determination of the angle
of egress of seismic radiations. Appearance of individual groups of
seismic waves 18 sndicated with greab claritys; as a result 1t was
found possible to arrive ab a number of interesting conclusions relative
to pecul'iari'bies in the internal structure of certain districts of

Tadzhikistane

The possibili'bies ipherent in these instruments are not con-
fined to those pointed oute Thus, for example, should it become neces-
séry to record not the displacement but the velocity of “the ground
during an earthquake, it would be sufficient to substitute for the
above—described aperiodic galvanometer a short-period galvanometer with
damping approximating the 1imit of aperiodicity. If it is neces-
sary to pecord ground accelerabion, 1’0 will be sufficient to make
more rigid the suspension device of the seismographe

Study of carthquakes by means of instruments is not limited

.11 -
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to investigabtions of displacement of earth's surface, and of its
derivatives, in time, 1L 18 expedient to supplement these investl-
gations by & study of deformations, arising within the ground on
the passage of seismic wWavesSe This is necessary also because such
deformations are important not only in physical seismology but also

in seismic geology and engineering sel.smologye

The few attempts undertaken in ghis direction at various times
by foreign scientists, uP 4o now have not yielded 2 satisfactory
result, This is explained on the one hand, DY the fact that the
necessity of studying deformations has not been sufficiently prealized,
and on the other, because a measurement of deformations 18 consider-
han measurement of absolute displacementss

ably moxre gifficult b

As is known, measurement of deformations is reduced to a
measurenent of a relabive transposition of two proximate points of
the enviroment. In the simplest instance this relative transposi-

tion AW is given by the formula:

wherein W is the absolubte transposition of one of the points,
while dx is the distance petween the points selecteds

n unlimited medium, along the

Tet us now assume, that within a

axis X ‘there is propagated the wave

L= W, SiN o (5-%)

T - period of the wave,

"

where U,o _ is the emplitude, t o~ bime,

Declassified in Part - Saniti: :
- Saniti
ized Copy Approved for Release 2012/05/07 : CIA-RDP82-00 :
: - -00039R000200080016-5
-5




Declassified in Part - Sanitized Cop

Appro
proved for Release 2012/05/07 : CIA-RDP82-00039R00020008!
0016-5

)\- wave lengbhe

¥ - current coordinate,

Crange of length of 'bﬁe selected porbion wi.ll bes

| _ou o, AT B
? A —bld‘r%—-u’o ;\005 2 (T %)d"x“

alue of this expression with the max- ;

Comparing the maxiaum V'

: iy of absolute displacement , we have:

Aw
<__/——"'>MAX = — 20 A%
W, ) |

This is a very small quantitye. pActually the length of seis~

s of kilometers; the

mic waves is measured in kilometers and ten

1ength of the base - by several meterss Assuming 7\ = 1000 meters

gher) and ax = 2 meters,

(usually mich hi we find that the relative

displacement of two such points w1l be about 100 times less than
their absolute displacements; and this in the most favorable ins~ !
i \

tance, .
|

¢ For the recording of deformabions we have designed equipmen'b \

ical currenb.

s not require external sources of electr

which also doe

The corresponding instrument 18 called a seismic extensometer; &

diagram of its configuration is shown in figure Te o

\ 77017¢
c Eﬁx{?ensometer.

Tigare Te Diagram of Seismi

xed in the ground at a distance of 15

Two iron pipes are fi

To one of the pipes is fastened a horizontal

meters, from each other.
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¢ transformer of induction

an electromagne’oi

rod 1, to the other

ipes changes,

i i type, 2o During an earthquake the distance between the P
which the horizontal rod acts upon the electromag-

as a resulb of
netic transformer (figure g8), Thus the flux of magnetic induction ‘,

i
rmeates the induchbion coil changése This change of flux is \

‘ : which pe
proportj.onal 1o the value of relative convergence OF divergence of {
{

the pipes, towards or from each other.

Figure 8. Diagran

it ¢ 2,
‘ 7
PGS (A
The induction coil is connected to the g,alvanome‘oer of ¥

he

i above—-described types With sufficiently extensive damping
such 2 galvanometer operates as @ fluxometer, that is, its devia-

magnetic £luX, and !

tions are propor‘bional fo the changes of the
consequently, in the final analysis, o the relative transposition \

of the pipese

1f three of such extensometers are placed at right angles ©o

one another and are connected in series to 2 galvanometer of the

ted the exbensome'bers. Such an ipstrument may be ca

| : above—men'bioned type deviabions of the latter will be propor’bional
to changes of cubic unit of the ground along Whose edges are loca- ‘%
1led a seismic i
!

ained a pecording of pure-

there can pe obb

g ailatometers BY its use

{ 1y longi‘budinal waves, & recording not complica‘r,ed by “he PT

esence of

fransver al wavese.

{
|
1
‘.
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